We present the results of our investigation of the star-forming complexes W51 and W43, two of the brightest in the first Galactic quadrant. In order to determine the young stellar object (YSO) populations in W51 and W43 we used color-magnitude relations based on Spitzer mid-infrared and 2MASS/UKIDSS near-infrared data. We identified 302 Class I YSOs and 1178 Class II/transition disk candidates in W51, and 917 Class I YSOs and 5187 Class II/transition disk candidates in W43. We also identified tens of groups of YSOs in both regions using the Minimal Spanning Tree (MST) method. We found similar cluster densities in both regions, even though Spitzer was not able to probe the densest part of W43. By using the Class II/I ratios, we traced the relative ages within the regions, and based on the morphology of the clusters, we argue that several sites of star formation are independent of one another in terms of their ages and physical conditions. We used spectral energy distribution-fitting to identify the massive YSO (MYSO) candidates since they play a vital role in the star formation process, and then examined them to see if they are related to any massive star formation tracers such as UCH II regions, masers, or dense fragments. We identified 17 MYSO candidates in W51, and 14 in W43, respectively, and found that groups of YSOs hosting MYSO candidates are positionally associated with H II regions in W51, though we do not see any MYSO candidates associated with previously identified massive dense fragments in W43.
INTRODUCTION
Near-infrared and mid-infrared observations have revealed a broad range of stellar densities of YSOs in star-forming regions (Bressert et al. 2010 ). While we have a detailed picture of the formation of low-mass stars with advances in observational techniques and improved theoretical knowledge in the last decade, our understanding of massive star formation is still lagging. Massive stars form and evolve quickly and they produce strong winds and outflows which heat, ionize, and disrupt their natal molecular cloud, which makes the observations of early evolutionary stages difficult. In addition, massive stars are forming in a clustered mode by interacting with each other as seen in Orion (Lada 1992; Evans et al. 2009; Megeath et al. 2016) or Cygnus-X (Motte et al. 2007; Beerer et al. 2010; Kryukova et al. 2014; Schneider et al. 2016) . In order to understand the star formation process, it is necessary to understand that the formation of massive clusters and the Galactic star-forming regions are the ideal places for this purpose, since they host many active sites of star formation in different environments at various stages of evolution.
We started a detailed study of a sample of mini-starburst complexes (Motte et al. 2003) to better understand how massive stars form and affect their environments and the effects that they have on the formation of lower-mass stars (Saral & Hora 2013) . Precursor clouds of young massive clusters (YMC) Ginsburg et al. 2012; Walker et al. 2016 ) are thought to be the potential descendant of ministarburst clouds/clumps (Motte et al. 2003; Nguyen-Luong et al. 2011a,b; Louvet et al. 2014; Nguyen-Luong et al. 2016) . YMCs (M 10 4 M , ages 100 Myr) are stellar systems that host a very large number of YSOs with a range of masses including massive ones (Longmore et al. 2014 ). The first paper of this study (Saral et al. 2015) focused on W49, which is considered to be a mini-starburst region hosting a YMC precursor. We identified thousands of YSOs and tens of massive YSO (MYSO) candidates in W49, which shows a compact massive cluster in its center.
In this second paper, we investigate two YMC precursors, W51 (Walker et al. 2016 ) and W43, which are known to host two mini-starburst ridges (Nguyen-Luong et al. 2013) . They are both among the brightest and most massive of the first Galactic quadrant. We present an imaging and photometric analysis of W51 and W43 with deep IR data from 1 to 24 µm in order to investigate the MYSOs and the embedded clusters forming around them.
W51 was first detected as an H II region by Westerhout (1958) and later identified as a molecular cloud by CO emission (Penzias et al. 1971) . It hosts the star forming regions W51A and W51B and a supernova remnant W51C, with a total mass of ∼ 1.2×10 6 (Carpenter & Sanders 1998 ) and a stellar mass of ∼ 10 4 (Kumar et al. 2004) . Xu et al. (2009) used methanol masers to measure the trigonometric parallaxes and found a distance of 5.1 +2.9 −1.4 kpc. Sato et al. (2010) reported the distance as 5.4 +0.31 −0.28 kpc with higher accuracy by using H 2 O masers and the trigonometric parallax method. There are studies based on maser emissions and velocity measurements showing the interaction between the star-forming region W51B and the supernova remnant W51C (i.e., Green et al. 1997; Ginsburg et al. 2015) . Kang et al. (2009) studied the YSO population of W51 by using Spitzer and 2MASS data and combining both the color selection criteria from Simon et al. (2007) and the spectral energy distribution (SED) slope classification (Lada 1991; André et al. 1993; Greene et al. 1994) , in addition to SED models from Robitaille et al. (2006) . This resulted in the identification of 737 YSO candidates. Although there is a slight difference between the cataloged region in Kang et al. (2009) study and in this paper, they have 91% of the sources in common; and among them, 54% of the sources are YSO candidates in both studies. We compare our results with this earlier work in Section 2.3.1.
W43 is called a mini-starburst (Motte et al. 2003 ) with several tens of cores forming high-mass stars, among which are one UCH II region, a handful of maser sources, and at least three very massive Class 0s with ∼ 10 4 L in the massive cloud. The starburst cluster was first detected as an unresolved source by Lester et al. (1985) in near-IR images and then confirmed as a massive cluster (W43-Main) by Blum et al. (1997) . The complex hosts two bright clouds: W43-Main (G30.8+0.02), and W43-South (G29.96-0.02). The detailed analysis of molecular and atomic gas tracers by NguyenLuong et al. (2011a) showed that these two regions are connected and the complex extends over 140 pc at l = (29
The two clouds are surrounded by an atomic gas envelope with a diameter of 290 pc. The connection between W43-Main and W43-South has been confirmed by Carlhoff et al. (2013) , and Motte et al. (2014) confirmed the presence of envelope, giving its diameter as 270 pc and a mass of M HI,env ∼ 3 × 10 6 M . On the other hand, recently, Bialy et al. (2017) argued that the large HI gas can be explained by several HI to H2 transition layers along the sightlines instead of one large HI envelope based on 21 cm observations and a theoretical model for the HI-to-H2 transition. NguyenLuong et al. (2011a) calculated its kinematic distance as 6 kpc and placed it at the meeting point of the Galactic bar and the Scutum-Centaurus Arm, while Zhang et al. (2014) redetermined the distance as 5.49 +0.39 −0.34 kpc using the trigonometric parallax method by studying the masers G029.86-00.04, G029.95-00.01, G031.28+00.06 and G031.58+00.07.
In Section 2, we describe the observations, data reduction techniques, and our near-and mid-IR source catalog and YSO classification. In Section 3, we present the clustering analysis. Section 4 contains the SED fitting results for massive YSO candidates. In Section 5 we present the massive star formation tracers, we discuss the star formation history and compare W51 and W43 to other star-forming regions. Finally, in Section 6, we summarize our results.
OBSERVATIONS AND METHODS

IRAC Imaging
We used the mid-infrared Spitzer data from several programs obtained with the Spitzer IRAC instrument ) at 3.6, 4.5, 5.8, and 8.0 µm. The 2 s frame time data taken at all wavelengths in 2007 and prior years are from the GLIMPSE Legacy Survey (Churchwell et al. 2009, program ID 187) . The data obtained in 2012 and afterward were per- Figure 1 . The IRAC data for the W43 region are from the GLIMPSE Legacy Survey (Benjamin et al. 2003; Churchwell et al. 2009, program IDs 186, 30570) and 30 s HDR data were taken with program IDs 10012 and 80058 (PI: J. Hora). An RGB image of the W43 is shown in Figure 2 . The large image was constructed from the 2 s frames; the smaller images of W43-Main and W43-South were constructed from the 30 s HDR frames for the 3.6 and 4.5 µm wavelengths and the 2 s images at 8.0 µm. We list the dates and coordinates of each Astronomical Observation Request (AOR) in Tables 1 and 2. We generated the mosaic images from the standard basic calibrated data (BCD) products (processed with the Spitzer IRAC pipeline version S18.25.0 and S19.1.0). Automated source detection and aperture photometry were carried out using PhotVis 1.10 (Gutermuth et al. 2004 . PhotVis utilizes a modified DAOphot (Stetson 1987) source-finding algorithm. Aperture photometry was performed with an aperture of 2.4 radius and using a background annulus of inner and outer radii 2.4 , and 7.2 respectively. The IRAC PSF is 1.66 , 1.72 , 1.88 , and 1.98 at 3.6, 4.5, 5.8 and 8.0 µm, respectively ), corresponding to 0.044−0.052 pc for W51 (5.4 kpc) and 0.045−0.054 pc for W43 (5.6 kpc). In the first paper we had estimated the completeness magnitudes in the W49 region for 3.6, 4.5, 5.8, and 8.0 µm as 15. 1, 14.7, 12.35, and 12.12 , respectively, and since the exposure times are same and the distances are similar, we assume the completeness estimate will be similar for W51 and W43.
Source Catalog
In the W43 region, within an area of size α × δ = 2.
• 0 × 2.
• 3, centered at (α, δ) = (281.
• 8, -2.
• 2), 641,732 sources were detected in the IRAC images. Among these, 118,365 sources have photometry in all four IRAC filters. In W51, within an area of size α × δ = 1.
• 5 × 1.
• 5, centered at (α, δ) = (290.
• 6, 14.
• 2), 285,252 sources were detected. Among these, 37,932 sources have photometry in all four IRAC filters. After performing the photometry in each of the four IRAC bands, we combined the catalogs of short (2 s) and long (30 s) frames using a band-merging process that takes all of the sources from the short frames that are brighter than a certain cutoff (magnitude 11, 10.4, 8.7 , and 8.2 for 3.6, 4.5, 5.8, and 8.0 µm, respectively) based on the saturation limit of 30 s frames. All of the sources detected by Spitzer were matched to Two Micron All Sky Survey (2MASS) Point Source Catalog (Skrutskie et al. 2006) sources by the PhotVis photometry routine. We also cross-matched the IRAC Catalog with the UKIRT Infrared Deep Sky Survey (UKIDSS) 5 We used a maximum of 1 for the matching radius to allow a reasonable error in source positions and also to prevent false matches. We took into account the saturation limit in the UKIDSS survey which is near 12.65, 12.5, and 12 mag in J, H, and K s , respectively, and used 2MASS photometry when the source was saturated in UKIDSS (20% of the data in UKIDSS JHK photometry was saturated in W51 and 25% in W43). The UKIDSS data have small but measurable zero-point photometric offsets from 2MASS, therefore we calculated the mean and standard deviations of the magnitude residuals between 2MASS and UKIDSS in both W43 and W51 catalogs and applied a mean offset to UKIDSS data of 0.06, −0.06, and −0.01 mag to the J, H, and K s bands, respectively. In addition, due to very small photometric errors in the UKIDSS catalog (e.g., <0.001 mag for 13 mag sources), we adjusted the values by adding 0.02 mag in quadrature, which imposes an error floor of 0.02 mag but does not affect the larger errors. Lastly, we matched our catalog with the MIPSGAL Archive 24 µm data (Gutermuth and Heyer 2015) . We used 1 as a maximum radial tolerance based on Monte Carlo simulations that give a mean false match probability of 6 % and 5.5 % for W51, and 5 UKIDSS uses the UKIRT Wide Field Camera (Casali et al. 2007 ) on the United Kingdom Infrared Telescope, and the UKIDSS project is defined by Lawrence et al. (2007) Galactic Plane Survey (Lucas et al. 2008 ) data from Data Release 8 (DR8PLUS), which are deeper and have better spatial resolution than those of 2MASS. W43, respectively. In the case of multiple matches, we selected the closest IRAC object to the MIPS source. In W51, only 15 MIPS sources had a second IRAC object within the 1 search radius that could possibly contribute to its 24 µm flux. However, these sources were either unclassified or classified as photospheres and only one source was classified as a YSO candidate, while the second IRAC object was an unclassified object. Similarly, in W43, 24 sources had a second IRAC object within the 1 search radius. Within these matches, in only one pair were two IRAC sources were identified as YSO candidates that might be contributing to each other's 24 µm flux. However, in the rest of the 11 pairs, we see that the second IRAC source is unclassified. As a summary, there are only two YSO candidates in W43 that might be contributing to each other's 24 µm flux; we consider this as having a minimal effect on our analysis.
A summary of the source catalog and source-matching results can be found in Table 3 and in Table 4 , respectively. In the end, we generated a final catalog that contains photometry of sources over a wavelength range from 1.2 to 24 µm and is a combination of 2MASS/UKIDSS, Spitzer/IRAC, and MIPS data. The final catalogs for W43 and W51 are presented in Table 13 In this study we used the selection method based on color and magnitude criteria that we applied in Saral et al. (2015) for W49 and defined in Gutermuth et al. (2008 Gutermuth et al. ( , 2009 ) (hereafter IRAC-color method). The Gutermuth et al. (2009) IRAC-color method is updated to account for complications found in the more active and typically more distant regions. In Phase 1, by using all four IRAC bands we eliminated extragalactic sources such as star-forming galaxies and polycylic aromatic hydrocarbon (PAH) rich galaxies, since they can be classified from their very red 5.8 and 8.0 µm colors (Stern et al. 2005) Gutermuth et al. (2009) . In addition, we removed sources classified as knots of shock emission and PAH emission-dominated sources (Gutermuth et al. 2009) . As a result, we eliminated one AGN candidate, 74 PAH-rich galaxies, five knots of shocked gas emission, and 444 PAH-contaminated apertures in the W51 region and 86 PAH-rich galaxies, 13 knots of shocked gas emission, and 1317 PAH-contaminated apertures in the W43 region (Fig- 
W51
Figure 1. The entire W51 is shown in Spitzer IRAC bands (blue: 3.6 µm, green: 4.5 µm, red: 8.0 µm).
ure 3). No sources were classified as AGN candidates toward the W43 region. After eliminating contaminant sources, by using a combination of different color-magnitude conditions of the four IRAC bands described by Gutermuth et al. (2009) we classified the YSOs into two categories: Class I sources (protostars with circumstellar disks and infalling envelopes), and Class II sources (pre-main-sequence stars with optically thick disks). Class I sources (shown with red color dots in Figure 4 and Figure 5 ) are classified by their red colors using the following criteria (Gutermuth et al. 2009 ): Class II candidates were classified using the following constraints as described in Gutermuth et al. (2009) With this method we can differentiate YSOs from field stars/photospheres (Indebetouw et al. 2005; Flaherty et al. 2007 ). However, line-of-sight extinction and intrinsic variability can cause a reddened Class II source be misclassified as a Class I source. Therefore, the next step (Phase 2) in the Gutermuth et al. (2009) method is to estimate the extinction (A K ) simply by using the measured JHK magnitude and, when J is not available, 3.6 and 4.5 µm data. The extinction was measured by using the baseline colors of Classical T Tauri Stars (CTTS) locus from Meyer et al. (1997) , standard dwarf colors from Bessell & Brett (1988) , and baseline colors of YSO loci from Gutermuth (2005) . Following that the measured 1-8 µm magnitudes were dereddened according to the reddening law by Flaherty et al. (2007) . After separating the reddened Class II candidates from the Class I candidates, the third step (Phase 3) was to classify "deeply embedded sources," which are Class I candidates with bright emission at 24 µm, and "transition disk candidates," which are Class II sources with significant dust clearing within their disks which generates bright emission at 24 µm. Embedded protostar candidates are classified if they meet the following criteria: Photospheres, transition disk candidatates, and embedded protostars can be seen in Figure 6 .
Following this method we also took into account the greater distance, and therefore the possible higher level of contamination, from objects such as AGB stars, background sources, and other extragalactic contaminants that have probably been classified as YSOs. Since AGB stars are bright and, in general, slightly bluer than YSOs Koenig & Leisawitz 2014) , we reclassified the initially classified bright YSOs that also follow the following selection criteria as candidate AGB stars: 3.5 < [3.6] < 9.5 and 0.4 < [3.6] − [8.0] < 2.6 Figure 3 . Color−color diagrams used to identify contaminant objects among the sources with detection at all four IRAC bands following the criteria in (Gutermuth et al. 2009 ). The background logarithmic gray-scale indicates the overall source density in each color-color space. The upper panels show the sources in W51, and the lower panels show the sources in W43. In panels (a), (b) PAH galaxies are marked with green circles. Panel c) shows the AGN galaxies (red circle) and panel d) shows knots of shocked emission (orange circles) and PAH-contaminated sources (blue circles). phase in order to separate faint YSO candidates from galaxies or background contaminants, and denoted the lower confidence in their identification by separating them from the rest of the YSO candidates. We identified 302 Class I YSOs and 1178 Class II/transition disk candidates in W51, and 917 Class I YSOs and 5187 Class II/transition disk candidates in W43. The difference in the YSO numbers is due to larger extent of W43. The color−color and color−magnitude diagrams of the identified YSOs, faint YSOs, and eliminated AGB star candidates are shown in Figure 4 and 5. The points are plotted without dereddening their photometry. In Table 5 we summarize the final source classification results. Kang et al. (2009) used Spitzer and 2MASS data and classified 737 YSO candidates in W51 by using a combination of color criteria (Simon et al. 2007 ) and SED slope criteria (Lada 1991; André et al. 1993; Greene et al. 1994 ). The class identification for the slope of log(λF λ ) vs. log(λ) between 2 and ∼ 20 µm is:
7 Class III They used mainly the SED slope method and not the preferred method in Gutermuth et al. (2008) . However, the Gutermuth et al. (2008) method has been slightly updated to better eliminate contaminant sources (Gutermuth et al. 2009 ), and we have also applied an additional color selection method as explained above to eliminate more background contaminants and AGB candidates. We cross-matched our catalog with that of Kang et al. (2009) using a matching radius of 1 and found 91% of the sources in common, the differences being due mainly to a slight difference of the cataloged region in both studies. Among the matched sources, 54% (366/680) of the sources are identified as YSO candidates in both catalogs, where 123 of them are in the YSO clusters we describe in Section 3. The rest of the sources are classified as contaminants or photospheres in our catalog. 17% (117/680) of them are not classified in our catalog, because they lack photometry in at least four bands, so they appear as unclassified. However, Kang et al. (2009) classified the sources based on their SED slopes of the four IRAC bands or the SED slope of log(λF λ ) vs. log(λ) between 2 and ∼ 24 µm, without a constraint on the number of data points. 17% (119/680) of Kang et al. (2009) sources are classified as contaminants in our study, such as AGBs, PAH galaxies, PAH-dominated sources, or faint or possibly background sources (classified as YSOs in our first classification phase but then eliminated based on the Koenig & Leisawitz (2014) criteria). Finally, 12% (80/680) of the Kang et al. (2009) YSOs were classified as photospheres in our catalog since they do not have the infrared color excess that is described above for Class I or Class II candidates.
SED Slope Distribution
We calculated the SED slopes of the objects classified as YSOs using the IRAC-color criteria and determined their classifications using the SED slopes in order to compare the results from the two methods. We used all of the available photometry in the catalog except J and H and fit the slope of log(λF λ ) vs. log(λ) (e.g., Figure 12 ) between 2 and ∼ 20 µm (Lada 1987; André et al. 1993) , including the 24 µm data, in order to make a comparison between IRAC-identified embedded sources and transition disk candidates. We calculated the flux densities by using zero-point flux densities of 666.7 Jy for F Ks (Cohen et al. 2003), and 280.9, 179.7, 115.0, 64.13 (IRAC Instrument Handbook, Version 2.0.3), and 7.17 Jy (MIPS Instrument Handbook, Version 3.0) for F 3.6 , F 4.5 , F 5.8 , F 8.0 , and F 24 , respectively. We used the isophotal wavelength values , and 23.68 µm for [24] (MIPSGAL Data Delivery Version 2.0). The distribution of the SED spectral index for both regions (for sources with R-squared values of the linear fit of >0.8) can be seen in Figure 7 . In both the IRAC-color and SED slope methods, the YSO classifications refer to the observational parameters rather than the evolutionary phases and the choices of subdivisions are considered arbitrary (e.g., Dunham et al. 2014 ). When we compare the two, we find that the IRAC-color and SED slope methods give relatively consistent classifications for most objects. However, the comparison shows that using only the SED slope method does not help us to separate Class III or transition disk sources from Class II or embedded sources from Class I sources, while it does separate the Class III and Class II sources from the Class I or embedded sources.
Looking at the data for the IRAC-color Class I objects in W43, 98% of them have positive slopes as we expected. Similarly, we see that most of the embedded source candidates (∼93%) have positive slopes, indicating that they are young sources. For the IRAC-identified Class II candidates, ∼70% of the SED slopes fall in the SED Class II range of -0.3 to -1.6. Most of them have negative slopes (89% in W43), indicating that they are evolved sources, and the 11% of them with positive slopes might be contaminant sources. Similarly, we see that 95% of transition disk candidates (Class II sources with disks with inner gaps) are consistent with being evolved sources with negative slopes. Approximately 11% of IRAC-identified transition disk candidates in W43 have positive slopes, which are most probably highly reddened transition disk candidates.
Overall, the histograms in Figure 7 show that, except for a small percentage of sources, the SED slope distribution is consistent with the YSOs identified using the IRAC-color method. In order to see the effect of extinction correction on classification, we used the A K values that were estimated during the classification process in Section 2.3.1, and dereddened the available photometry to calculate the SED slopes from 2 to 24 µm. While the extinction correction helps to reduce the small number of misclassifications of more evolved transition disk or Class II sources, it does not give a good result, especially for Class I or embedded sources; this is likely due to overcorrection. For IRAC-identified Class I candidates or embedded sources, extinction due to their envelopes and dusty disks plays an important role in the shape of their SEDs. Estimating an A K value and dereddening for these objects might be complicated, and it may cause misclassification due to their overcorrected colors and SED slopes. Indeed, the IRAC-color classification does not take into account the extinction for all sources except when double-checking Class II and Class I sources during Phase 2 if they are lacking detections at 5.8 or 8.0 µm); the comparison of IRAC-identified Class I sources according to the SED slopes without extinction correction gives more consistent results. The SED slope distribution in W51 yields similar results to W43, as can be seen in Figure 7 . We provide the SED slope values that are calculated from the original photometric data with the errors and R-squared values in Table 13 and Table 14 .
Both W51 and W43 are distant star-forming regions that contain significant amounts of high column density material, and young sources in these regions can be made extinct more easily by dust. In addition, there might be some misclassifications due to a mismatch of MIPS detections with their IRAC/near-IR counterparts. Due to the lower precision of MIPS astrometry, a transition disk candidate or a photosphere object can be classified as a deeply embedded source if it is mismatched with a MIPS source and lacks data in other bands. We have examined the catalog and images and removed obvious mismatched objects, but it is possible that chance alignments could lead to some that we cannot exclude with the available data.
CLUSTERING ANALYSIS
We used the Minimal Spanning Tree (MST) method (Cartwright & Whitworth 2004) to examine the substructure in the W51 and W43 regions, such as groups/clusters of YSOs, without using any kinematic information, as we did for W49 (Saral et al. 2015) . The MST method identifies clusters as a collection of stars that are connected to each other by short branches (with a maximum of cutoff distance of d c ) with a minimum number of members (N) in a group. It has been used to identify groups/clusters of YSOs (Koenig et al. 2008; Gutermuth et al. 2009; Beerer et al. 2010; Billot et al. 2011; Chavarría et al. 2014; Saral et al. 2015) and dense cores (Kirk et al. 2016 ) for nearby star-forming regions, and also to identify OB associations in other galaxies (Pietrzyński et al. 2001; Bastian et al. 2007 ).
There is no robust way to determine a branch length for the clustering determination. However, the most common way is to plot the distribution of branch lengths, fit straight lines through the long and short branch length domains, and choose the point of intersection (the Straight line Fit (SLF) method, see Figure 10 in Saral et al. (2015) ). Choosing a branch length that falls between these two domains is also a good way to separate clusters from distributed sources (Gutermuth et al. , 2009 . Recently, Fischer et al. (2016) has identified the likely clusters in the Canis Major star-forming region by choosing the middle of the branch length range, which gave similar clusters. W51 and W43 are distant regions, and due to resolution effects and lower sensitivity, multiple stars may blend into single objects and therefore fewer stars might be detected. This effect causes the branch length value in the SLF method to increase, causing increased sensitivity to the largest-scale structures within the cloud. Therefore, it is likely that there are more clustered sources that are unresolved at this distance (e.g., Louvet et al. 2014 ).
To perform the clustering analysis we used a smaller field in both regions. This covers the main cloud structure but not the outer parts where there might be mainly line-of-sight contamination. The number of YSOs that we used for the clustering analysis is 857 and 5700 for W51, and W43, respectively. We used the MST method to perform a two-dimensional (2D) analysis by assuming that the projection effect would be small at these distances. However, in order to see the statistical significance of the identified MST groups in the 2D analysis, we performed Monte Carlo simulations of uniformly random distributed objects (see Section 3.3). Schmeja & Klessen (2006) also studied the effect of the 2D projections of the three-dimensional (3D) model clusters and concluded that although the clustering parameters can be different (and still giving similar mean values), the general behavior of the evolution of clusters is independent of the projection.
Clustering Results in W51
We first determined a branch length by using the SLF method, plotting the number of clustered objects versus branch lengths using a standard value of N ≥ 10 for the minimum number of cluster members. Using a branch length of 82 .5 (which corresponds to 2.17 pc at the distance of W51), we found nine groups that contain 62% (536/857) of the total number of YSOs in the region. In order to investigate how clustering properties change with the requirement of minimum members in a group, we repeated the analysis with a mix of 5 to 15 members for a branch length of 82 .5. While we identified 26 MST groups with N ≥ 5 and nine MST groups with N ≥ 10, we identified only five MST groups with N ≥ 15. When we decreased the number of minimum members from 15 to 5, we identified new small groups but the five largest MST groups remained unchanged.
To investigate how the numbers of identified groups change with different branch lengths, we plotted the number of groups containing 10 or more stars against cutoff distances from 1 to 300 , with steps of 1 , in the left panel of Figure 8. A maximum of 16 MST groups can be identified using a branch length of 51 (1.34 pc), while 33% (286/857) of the YSO candidates are associated with a cluster. The MST groups identified by both branch length values can be seen on the upper panel of Figure 9 and their properties are summarized in Table 6 . The results show that using a shorter branch length allows us to identify subgroups and see the hierarchical structure. We also investigated the effects of changing the requirement of minimum members for 51 and we identify 33 MST groups with N ≥ 5, 16 groups with N ≥ 10, and nine groups with N ≥ 15. As expected with the increasing number of minimum members, we continue to identify the same largest groups, but lose the smaller ones. Our clustering analysis shows that the MST groups in W51 have 10−217 sources with diameters of 2.5−30 pc, and the subgroups within them have 10−44 sources with diameters of 1−7 pc (Table 8) .
Clustering Results in W43
We identified the MST groups and subgroups within the W43 region by using the same method. We first determined a branch length with the SLF method by using standard value of N ≥ 10 for minimum number of cluster members. 51 MST groups were identified with a branch length of 81 (which corresponds to 2.20 pc at the distance of W43) and a total of 73% (4176/5700) of YSOs are associated with a cluster. We identified 134 MST subgroups with N ≥ 5, 51 groups with N ≥ 10, and 27 groups with N ≥ 15. These 27 largest MST groups remained unchanged, while we identify new small groups with the decreasing number of minimum members.
As we did for W51, we investigated the change in the number of clusters with different branch lengths (see the right panel of Figure 8 ). A maximum of 95 MST groups can be identified with a branch length of 59 (1.61 pc), while 43% (2448/5700) of the YSO candidates are associated with a cluster. The MST groups identified by both branch length values can be seen in Figure 11 and the properties of the five largest groups are summarized in Table 7 . We identified 242 MST subgroups with N ≥ 5, 95 MST groups with N ≥ 10, and 53 MST groups with N ≥ 15 for 59 ; the largest 53 MST groups remained unchanged with any chosen minimum number of group members. Our clustering analysis shows that identified MST groups in W43 have 10−3047 sources with diameters of 1.4−142 pc and subgroups within them have 10−217 sources with diameters of 0.8−14 pc (Table 9 ).
Random Clustering Analysis
To determine the statistical significance of the identified MST groups, we performed Monte Carlo simulations of uniformly random distributed objects in order to examine their clustering properties and compare them with the observed ones. We created 1000 realizations of 857 objects spread randomly in a 0.5 × 1.3 degree field to match the number of YSOs and the size of the W51 region. We used both the branch length determined from the MST method and the branch length giving the maximum number of groups (subgroups) in order to compare both results with the observed groups. The largest random group among all of the simulations has 58 members, with an average maximum group size of 24±6 members. In comparison, the observed largest group in W51 is significantly larger, with 215 members. The second largest random group in each of the simulations has on average 19 ± 4 members, with a maximum of 36, while the observed second largest group is still larger, with 172 members. Similarly, the average sizes of third, fourth, and fifth largest groups in each simulation are smaller than the observed ones. However, the smaller observed groups (sixth to ninth largest) have similar sizes to the average size of random groups, which indicates that they might be random associations. For the subgroups identified with the branch length of 51 , we see that all of the observed subgroups are larger than the mean size of random subgroups (8 ± 4), which indicates that they are different than random distributions. Similarly, we generated 1000 simulations of 5700 randomly distributed sources in a 2.8 × 2.1 degree field, which is the size of the W43 region. Almost all of the observed groups and subgroups are larger than the average random group size, (8 ± 4).
As a final step we used a two-sided Kolmogorov-Smirnov (K-S) test (Eppler et al. 1999 ) to determine if the two datasets (observed and random clusters) differ significantly. We calculated the two-sided K-S statistic between each of the 1000 realizations of randomly distributed sources and the mean cu 51 , are shown in Figure 10 as green and blue histograms, respectively. In the same figure, the K-S statistic value, between the CDF of observed MST groups and the mean CDF of random clusters, is shown with a vertical dashed line. We find that for both branch lengths, the K-S statistic value between the observed group size CDF and the mean random one is well outside of the distribution of K-S statistic values between the mean random CDF and those of each of the 1000 realizations, Thus, we infer that the probability of the distribution of a real MST group being drawn from a random distribution is less than 10 −3 .
SED MODELS FOR MYSOS
We used SED models to identify the MYSO candidates in the W51 and W43 regions since it is difficult to identify them using colors. We used the Python package of the SED Fitting tool by Robitaille et al. (2007) and SED models from Robitaille et al. (2006) to model the available photometric data (2MASS/UKIDSS J, H, and K s , Spitzer/IRAC 3.6, 4.5, 5.8, and 8.0 µm, and Spitzer/MIPS 24 µm). This best-fit method . Left: the nine MST groups identified using dc = 82 .5 are shown with group numbers overlaid on the IRAC 4.5 µm image. Right: the 16 MST subgroups identified by dc = 51 are shown with a cluster number and a letter (see Table 6 ). Figure 10 . K−S statistic distribution of random MST groups, between each of the 1000 random realizations and the mean random cluster distribution. The green histogram shows the groups identified with SLF branch length dc = 82 .5 in the W51 region (left), and dc = 81 in the W43 region (right). The blue histogram shows the groups identified with branch length dc = 51 in the W51 region (left), and dc = 59 in the W43 region (right). Dashed lines in both figures represent the K−S statistic value between the mean CDF of all random clusters and the CDF of observed MST groups, with the same color code of histograms. For both regions, the inferred probability that the observed MST groups are drawn from a random distribution is less than 10 −3 . is described in detail by Robitaille et al. (2007) . Only objects with at least six data points were fitted, and we used e −χ 2 /2 values as weights. We chose the fits that satisfy the criterion of (χ 2 -χ 2 best )/n data < 3 as in Robitaille et al. (2007) . Only objects with a minimum of 10 fits satisfying the defined best-fit criteria were used when calculating the weighted mean values for the physical parameters. We allowed the A V to vary between 0 and 40 mag, which gives enough flexibility and prevents unphysical solutions, and is also consistent with the A V values for MYSOs that are forming UCH IIs (e.g., Hanson et al. 2002) . We also let the distance to vary within 10% ranges of 5.4 kpc for W51, and 5.6 kpc for W43. For sources without a 24 µm detection (except for sources in the saturated or high-background regions), we used an upper limit based on the completeness estimate at 24 µm by Gutermuth and Heyer (2015) in order to better constrain the SED. The luminosity and temperature are directly derived from the SED, and then mass and age values are determined using the evolutionary tracks in a Hertzprung-Russel diagram. The lack of photometric points at wavelengths longer than 24 µm means that the disk and envelope parameters are poorly constrained. The total dust mass, for example, can only be estimated if the lo- Declination (Deg) Figure 11 . Left: the 51 MST groups determined using the SLF method with a branch length of 81 (2.20 pc for objects at the distance of W43). Right: the 95 MST subgroups determined with a branch length of 59 (1.61 pc). The YSOs are plotted in colors according to the identified clusters. cation of the far-IR bump is known. We have applied the Bayesian method described in Az-imlu et al. (2015) to construct posterior probability distribution functions for the model parameters. We assume that the measurement errors in the photometry are normally distributed, which results in a likelihood function proportional to the e −χ 2 /2 distribution. We use uniform priors for all of the model parameters. The resulting posteriors are sampled using a Markov Chain Monte Carlo (MCMC) method. Within the set of YSOs we selected the ones with L ≥ 10 3 L from both methods. We give the weighted mean values for the physical parameters such as masses and luminosities from the Robitaille et al. (2006) models, and to provide some indication of the model accuracy, we report the standard deviation values in Table 10 and Table 11 . These model grids do not include binary or multiple system cases, while the multiplicity in massive stars and in star clusters is known to be higher than that of young low-mass stars (Duchêne et al. 2001; Zinnecker & Yorke 2007) . We should also note that the Robitaille models were developed mainly for lower-mass protostars. Therefore, the physical parameters of the MYSO candidates given here should be used cautiously. However, De Buizer et al. (2016) compared the fit results from the Robitaille method to a Turbulent Core model-based method (Zhang & Tan 2011) that was developed for intermediate-and high-mass stars, and they found that, although the accretion rates are significantly underestimated, the stellar masses are consistent. Moreover, Mottram et al. (2011) found that for sources with L > 10 3 L , luminosities are better determined with the SED fitter compared to graybody fitting. However, MYSO candidates determined with luminosities over 10 3 L should still be confirmed by far-IR observations and spectroscopic data.
As a result, we identified 17 and 14 MYSO candidates in W51 and W43, respectively. In W51, 16 of the MYSO candidates are located within the clusters, and one of them is a distributed source. Seven of these MYSO candidates were classified as Class I, eight as Class II candidates, one as a transition disk candidate, and one as an embedded source candidate with IRAC-color classification. In W43, 11 of the MYSO candidates are located within the clusters and the rest are distributed outside. Among the MYSO candidates, nine were classified as Class I candidates and five were classified as Class II candidates using the IRAC-color classification. The distribution of MYSO candidates is shown in Figure 14 and Figure 15 and the SED plots for those having 24 µm data are shown in Figure 12 and Figure 13 . (Figure 14 ). In addition, there are several compact and UCH II regions that are not detected at <20µm because of heavy extinction (Gaume et al. 1993; Zhang & Ho 1995 .
W51A, the most active part of the region, hosts several protoclusters and UCH II regions (Gaume et al. 1993; Goldader et al. 1994; Zhang & Ho 1995; Barbosa et al. 2008 ). G49.5-0.4 is the most luminous part in W51A and hosts two embedded protoclusters strongly correlated with radio continuum emission: IRS 1 and IRS 2 (Wood & Churchwell 1989; Wynn-Williams, Becklin and Neugebauer 1974) . In the IRS 2 UCH II region, a stellar object that is not resolved in our images was identified by Figuerêdo et Figure 12. YSO model SEDs that fit best (black line) to the data points (filled circles) in the W51 region. Gray lines show the fits satisfying (χ 2 -χ 2 best )/n data < 3 criteria. This figure shows those sources with 24 µm data listed in Table 10 . Figure 13. YSO model SEDs that fit best (black line) to the data points (filled circles) in the W43 region. Gray lines show the fits satisfying (χ 2 -χ 2 best )/n data < 3 criteria. This figure shows those sources with 24 µm data listed in Table 11. al. (2008) and confirmed as an early O-type object with spectroscopy by Barbosa et al. (2008) . We identified one subgroup (2a in Table 6 ) that covers both protoclusters including the H II region G49.5-0.4 as seen in Figure 14 . Half of the YSO candidates of subgroup 2a are positionally associated with the G49.5-0.4, and the other half surrounds the H II region with a filamentary shape. We identified two MYSO candidates, SSTOERC_G049.4885-0.3628 and SSTOERC_G049.4821-0.3507 (detected also at 24µm), that are shown in Figure 14 . The other main H II region in W51A is G49.4-0.3, which seems to be associated with subgroup 2f, where we identified 11 YSO candidates, four of which are MYSO candidates:
SSTOERC_G049.3820-0.2563, SSTOERC_G049.3800-0.2696, SSTOERC_G049.3884-0.2634 and SSTOERC_G049.3793-0.256.
In W51B, the largest and brightest H II region is G49.2-0.3, which is indicated as an interacting region with the W51C supernova remnant (Green et al. 1997; Koo & Moon 1997) . We identified a MYSO candidate in the vicinity of this region, SSTOERC_GO49.2213-0.3354, and five more YSO candidates. The other three H II regions, G49.1-0.4, G49.0-0.3, and G48.9-0.3, seem positionally but partially associated with Robitaille et al. (2007) . b Standard deviation of the weighted mean values are reported here. χ 2 values are used to weight the fits. A minimum of 10 fits from the defined best-fit criteria was required to calculate the weighted mean values. c 0: deeply embedded, 1: Class I, 2: Class II, F: Flat spectrum, 3: transition disks. d Values in parentheses signify error in last two digits of the SED slope value. e Sources with 24 µm data. subgroups 1d, 1a, and 1e, respectively, and are located along a filamentary structure parallel to the Galactic plane (right panel of Figure 14 ). We identified one MYSO candidate, SSTOERC_G048.9916-0.3143, in the field of G49.0-0.3 H II region, which is a weaker H II region in W51B. And finally, G48.9-0.3, a strong UCH II region in W51B, is partially corresponds to the subgroup 1e and is also located at the edge of the subgroup 1c, which hosts the MYSO candidate, SSTOERC_GO48.9022-0.2734 in its vicinity.
W51 also hosts many masers (Zhang & Ho 1995; Imai et al. 2002; Fish and Reid 2007; Henkel et al. 2013) . Among them are methanol masers, which are known as good massive star formation tracers (Pestalozzi et al. 2002; Breen et al. 2013) . Two main methanol maser regions toward W51A (G049.49-00.37 and G49.49-0.39; Caswell et al. 1995; Minier et al. 2000; Etoka et al. 2012 ) are shown in Figure 14 . There are tens of methanol masers in that region clustered within a few arcsec, and most of them do not have known counterparts with any IR source. This indicates that these sources are in very early evolutionary stages that we cannot yet trace with IR photometry.
Compact Fragments and Masers in W43
W43 hosts a giant H II region dominated by its centimeter and infrared emission, which makes the detection of compact sources with associated UCH IIs difficult (Motte et al. 2003) . Using 1.3 mm and 350 µm continuum emission, Motte et al. (2003) identified 50 compact fragments in the W43-Main region with sizes ranging from 0.09 to 0.56 pc, which tens of fragments of which are protoclusters (see Louvet et al. 2014) . Motte et al. (2003) suggested that the fragments MM1, MM2, and MM3, associated with masers and outflows, are forming high-mass stars; Bally et al. (2010) confirmed this with High-GAL far-infrared observations. These sources should be in very early stages (Class 0-like) and be still very embedded. Consequently, current observations have not yet found many associated near infrared sources within the fragments. Recently, 20 high-mass protostars were found in the MM1 ridge, encompassing MM1 and MM9 (Motte et al. 2017, in preparation) . We did not find any MYSO candidates associated with these fragments. However, in subgroup 3 we see a YSO candidate coincident with each of the following fragments: MM4, MM11, MM14, MM15, and MM20. Motte et al. (2003) indicates that MM11 is also a methanol source with no infrared or centimeter detection; however, we see a Class I candidate (SSTOERC_GO30.7598−0.0525) that coincides with the filament. We also see a YSO candidate positionally associated with the fragments MM9 and MM16 fragments that corresponds to subgroup 62 (Figure 15 ), which could become more massive in the future given the large amount of gas surrounding it.
Star Formation History in W51
In Section 3, we identified YSO groups and subgroups by using the MST method. In order to understand the star formation history in the region, we should consider the relative ages of these groups. Assuming Class I sources represent relatively early stages of formation compared to Class II sources, we can use the ratio of Class II/I sources to compare the relative ages of different groups within the region.
The Class II/I ratio is 2.50 ± 0.25 when we consider all of the MST groups identified with d c = 82 .5(2.17 pc; see Table 8 ). If we only consider the subgroups identified with d c = 51 , we find a Class II/I ratio of 2.06 ± (0.27), which is consistent with the ratio from the SLF method within the uncertainties. If we look at individual groups within the region, the biggest group, G49.01-0.31, consists of seven subgroups (the red group in Figure 9 , corresponds to W51B) and the ratio of Class II/I is 2.98 ± 0.48; if we consider only the subgroups, it is 2.56 ± 0.54. Meanwhile, for the second largest group, G49.45-0.37 (the blue group in Figure 9 , corresponds to W51A), the ratio of Class II/I is 1.94 ± 0.32, and it consists of six subgroups with a Class II/I ratio of 1.65 ± 0.44. Therefore, either considering the large MST groups or subgroups, G49.45-0.37 (where W51A is located) is relatively younger than G49.01-0.31 (where W51B is located). This is consistent with the Ginsburg et al. (2015) study that showed a low star formation potential of W51B, with a density of n ∼ 1 × 10 4 cm -3 . Furthermore, they associated the high-mass density, n 5 × 10 5 cm -3 in W51A with high-mass star formation. Kumar et al. (2004) suggested that the star formation in W51 is triggered by galactic spiral density waves. Also, the interaction between the H II region G49.2-0.3 and the W51C supernova remnant W51C (∼ 3 × 10 4 years old; Koo et al. 1995 ) might be triggering a future star formation episode (Green et al. 1997; Koo & Moon 1997) . Furthermore, the existence of the supernova remnant and old, diffuse H II regions in W51B can be considered as signposts of older star-forming regions. We did not identify a subgroup corresponding to the H II region G49.2-0.3, but we identified the larger-scale cluster 4 with a Class II/I ratio of 1.70(0.39), which indicates a relatively younger age than W51B that is consistent with a triggered star formation scenario.
Star Formation History in W43
The class II/I ratio is found to be 4.58±0.19 for the W43 region when we consider all of the MST groups identified with d c =81 (Table 9 ). If we only consider the subgroups, we find a smaller ratio, 3.71±0.19, but it is still closer to the value from the SLF method. For just MST group 1 (the big red group in Figure 11 ), corresponding to the whole molecular cloud, the II/I ratio is 4.20 ± 0.20. We see that group 1, identified using SLF method, consists of 62 subgroups with a Class II/I ratio of 4.19 ± 0.25. For both the SLF method and the maximum number of subgroups, W43 has significantly larger class II/I ratio than W51. The findings of many YSOs and subgroups are also consisted with the substructures found by Carlhoff et al. (2013) and supporting the hypothesis of several HI-to-H2 transition layers that had been suggested by Bialy et al. (2017) .
5.4.
Comparison of Other Star-Forming Regions W51, W43, and W49 are among the brightest star-forming regions in the Galaxy. Although they have similar gas masses and stellar masses (see Section 1), they have different morphologies and clustering properties that suggest a different star-formation history. W49 shows a hierarchical network of filaments at scales from ∼10 to 100 pc, suggesting that it is formed from global gravitational contraction (Madrid et al. 2013) ; it also hosts a large central cluster with tens of massive YSO candidates which might be triggering the star formation. On the other hand, both W51 and W43 show a younger and an older part, with more distributed clusters and distributed MYSO candidates within the cloud.
W51 has an extended structure that shows independent sites of star formation (Clark et al. 2009 ); on the other hand, Kumar et al. (2004) suggested that the star formation in W51 is triggered by galactic spiral density waves. Clark et al. (2009) derived an age range of 3-6 Myr (assuming the distance as 6 kpc) for a very luminous supergiant, suggesting at least 5 Myr of massive star formation in W51. On the other hand, by studying the old Wolf-Rayet stars Bik et al. (2005) determined an age range of 5-10 Myr. We have identified one large cluster, representing both W51A and W51B regions in the GMC with different Class II/I ratios, that suggests a relative age difference. In addition, the interaction between the H II region G49.2-0.3 and the W51C supernova remnant (Green et al. 1997; Koo & Moon 1997 ) might trigger future star formation. Similarly, W43 extends over 140 pc and is surrounded by an atomic gas envelope with a diameter of 290 pc (see Section 1). Considering the similar distance of both regions, the class II/I ratios show that W51 is relatively younger, with the Class II/I ratio of 2.50 (0.25) than W43 which has a Class II/I ratio of 4.58(0.19 ). However, we should note that although the number of Class IIs are over-numerous in W43, there is a larger number of Class 0s and even Class Is which we cannot probe at near-IR.
Among these three regions, W49 might be the youngest, with a suggested age range of 1-2 Myr (Homeier & Alves 2005) . W51 is also relatively young, with a Class II/I ratio of 2.50. Even though W49 has a smaller Class II/I ratio, since W49 is a much more distant region it does not allow us to make a direct comparison as we discussed in Saral et al. (2015) . In addition, we should note that several SF events are developing in these clouds. For instance, W43-Main could also be at an earlier stage than W49 since it has a very compact massive cluster, formed by the present starburst cluster, in its center. This compact massive cluster should be observed by the James Webb Space Telescope in order to fully resolve and detect the individual sources in the cluster. In addition, we see that the fraction of YSOs in clusters is slightly higher in W43 (43-73%) than in W51 (32-60%). Clustered fractions were reported to be 53-67% in the Cygnus-X (Beerer et al. 2010) , 44-70% in W5 (Koenig et al. 2008) , 53-67% and 44-76% in G305 and 54-81% in G333, respectively (Saral et al. 2015) . Although we can say that all of these regions have similar clustered fractions for all masses of YSOs, the clustered fractions for MYSOs are higher (94% in W51, 79% in W43, 100% in W49) which supports the theory that massive stars are being formed in clusters.
When we compare the branch length distances shown in Table 12, we can see that both W51 (82 .5(2.17 pc) and W43 (81 (2.20 pc) have similar branch lengths, suggesting that the density of clusters is the same. These differ from G305 and also G333 (Saral et al. 2015) , which have smaller branch length distances, indicating denser clusters than those of W51, W43, and W49. W49 has the largest branch length; however, this is likely due to its larger distance and incompleteness effects. For example, even though W49 might be intrinsically denser than the W51 and W43 regions, it has a larger branch length (96 or 5.2 pc) than W51 and W43, which indicates that the clusters in W49 are less dense. However, this might be due to the larger distance and incompleteness effects. In order to make a direct comparison, one needs to rescale the source positions and magnitudes in order to determine the projected appearances of these regions at 11 kpc.
As we did in Saral et al. (2015) for G305 and G333, by following the same strategy we determined the projected appearance of the W51 and W43 YSOs by rescaling the relative source positions and magnitudes for a distance shift from 5.4 kpc (W51) and 5.6 kpc (W43) to the 11 kpc distance of W49. Following the rescaling, we performed the source classification and clustering as described in Section 2.3 and Section 3. At reprojected distances we identified 458 and 1524 YSO candidates in W51 and W43, respectively, and branch lengths of d c = 120 .94 (6.47 pc) with five clusters in W51, and d c = 91 .82 (4.91 pc) with eight clusters in W43. As seen from the clustering results for the reprojected regions, the clustering analysis yields higher branch lengths due to larger distances and incompleteness effects. The larger derived branch length is a result of our inability to resolve the smaller distances between the closest sources. The rescaled W51, which has the largest branch length of d c = 120 .94 (6.47 pc), seems less dense than other regions. The rescaled W43 region, with a branch length of d c = 91 .82 (4.91 pc), is denser than both W49 and rescaled W51 but less denser than G305 and G333. Among these regions, G305 has the densest clusters, with a branch length of d c = 52 (0.90 pc). The branch length and clustered fraction values are summarized in Table 12. 6. SUMMARY In this paper, we generated photometric catalogs for W51 and W43 with a wavelength range of 1.2 to 24 µm by combining 2MASS/UKIDSS, Spitzer IRAC, and MIPS data in order to identify and classify the YSO candidates. We identified 302 Class I candidates, 1178 Class II/transition disk candidates, and 56 embedded sources in W51, and 917 Class I candidates, 5187 Class II/transition disk candidates, and 144 embedded sources in W43. In addition, we compared the color classification method to the SED slope method and concluded that except for a small percentage of sources, both methods are consistent. Following the YSO classification, we identified groups and clusters based on their spatial distributions using the MST method. We identified nine clusters in W51, where 60% of the YSO candidates (including transition disks) belong to the clusters, each with a minimum of 10 members. We identified 51 clusters in W43 (over six times more than in W51), where 73% of the YSO candidates belong to the clusters. Similar branch length distances (∼2 pc) in W51 and W43 indicate similar densities within clusters in both regions. However, with a larger Class II/I ratio, W43 (4.58) is a relatively older region than W51 (2.50), and W43 has at least six times more clusters. Based on the morphology of the clusters, which are distributed within the cloud and show relative age differences according to their Class II/I ratios and also the existence of Class 0 clusters studied in the FIR and submillimeter, there might be several sites of star formation that are independent of one another in terms of their ages, physical conditions, and evolutionary progress. We performed 1000 Monte Carlo simulations of randomly distributed objects in order to compare the properties of random clusters to real ones, and also applied a K−S test in order to test the statistical significance of the identified clusters. We find that for both regions there is a high probability that the identified MST groups are different than expected from a random distribution.
We identified 17 and 14 MYSO candidates (L ≥ 10 3 L ) in W51 and W43, respectively, according to both the SED Fitting tool by Robitaille et al. (2007) and the Bayesian method by Azimlu et al. (2015) . The clustered fraction of MYSOs are ∼94% and ∼79% in W51 and W43, respectively. In both W51A and W51B, we see subgroups with MYSO candidates associated with H II regions, which makes these sources strong candidates for follow-up spectroscopic observations. We do not see any of our MYSO candidates associated with previously identified dense fragments in W43, which might be a sign of several independent star formation events and bursts, while we see YSO candidates in subgroup 3 that are associated with dense fragments. These sources are good candidates for follow-up studies.
We compared W51 and W43 to each other and also to other star-forming regions such as G305, G333, and W49. While W51 is a smaller star-forming region than W43, W51 and W43 have many similarities, such as distributed clusters in the younger and older parts of each cloud, suggesting independent star formation throughout the clouds. Both W51 and W43 have similar YSO densities in clusters, while G305 and G333 have smaller branch length distances, indicating denser clusters. Compared to the others discussed in this study and W49, G305 and G333 are small star-forming regions (Saral et al. 2015) . W49 is smaller than both W51 and W43 and has more centrally concentrated cluster formation. The method using the short branch length distance enables us to see subgroups in the region. c Saral et al. (2015) Table 13 Source List for W51
Source Name a R.A. d
Sigma values signify the error in last two digits of the SED slope value.
